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IMAGE EMPHASIS PROCESSING METHOD 
AND APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an image emphasis processing 
method and apparatus. This invention particularly relates to 
a method and apparatus, Wherein a degree of image empha 
sis is adjusted. 

2. Description of the Prior Art 
Image processing, such as gradation processing or fre 

quency processing, has heretofore been carried out on an 
image signal (i.e., an original image signal), Which repre 
sents an original image having been obtained With one of 
various image obtaining methods, such that a visible image 
having good image quality can be reproduced and used as an 
effective tool in, particularly, the accurate and ef?cient 
diagnosis of an illness. Particularly, in the ?eld of medical 
images, such as radiation images of human bodies serving as 
objects, it is necessary for specialists, such as doctors, to 
make an accurate diagnosis of an illness or an injury of the 
patient in accordance With the obtained image. Therefore, it 
is essential to carry out the image processing in order that a 
visible image having good image quality can be reproduced 
and used as an effective tool in the accurate and ef?cient 
diagnosis of an illness. 

As one of the image processing, frequency emphasis 
processing has been disclosed in, for example, Japanese 
Unexamined Patent Publication No. 61(1986)-169971. With 
the disclosed frequency emphasis processing, an original 
image signal Sorg, Which may represent the image density 
value, or the like, of an original image, is converted into a 
processed image signal Sproc With Formula (1) shoWn 
beloW. 

Spr0c=S0rg+[5x(S0rg-Sus) (1) 

In Formula (1), [3 represents the frequency emphasis 
coef?cient, and Sus represents the unsharp mask signal. The 
unsharp mask signal Sus comprises super-loW frequency 
components obtained by setting a mask, i.e. an unsharp 
mask, constituted of a picture element matrix, Which has a 
siZe of N columns><N roWs (Wherein N represents an odd 
number) and has its center at the picture element represented 
by the original image signal Sorg, in a tWo-dimensional 
array of picture elements of the image. The unsharp mask 
signal Sus is calculated With, for example, Formula (2) 
shoWn beloW. 

Wherein ZZSorg represents the sum of the original image 
signal values representing the picture elements located 
Within the unsharp mask. 

The value of (Sorg-Sus) in the parenthesis of the second 
term of Formula (1) is obtained by subtracting the unsharp 
mask signal Sus, Which represents the super-loW frequency 
components, from the original image signal Sorg. Therefore, 
the value of (Sorg-Sus) represents the comparatively high 
frequency components, Which have been extracted selec 
tively by eliminating the super-loW frequency components 
from the original image signal Sorg. 

The comparatively high frequency components are then 
multiplied by the frequency emphasis coef?cient [3, and the 
obtained product is added to the original image signal Sorg. 
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2 
In this manner, of the original image, only the comparatively 
high frequency components can be selectively and relatively 
subjected to emphasis or restriction (adjustment of 
sharpness). 

Also, processing based upon the algorithm of morphology 
(hereinbeloW referred to as the morphology operation or the 
morphology processing) has heretofore been knoWn as the 
operation processing for selectively extracting only a spe 
ci?c image portion, such as an abnormal pattern, or an image 
edge portion from an original image. 
The morphology processing has been studied as a tech 

nique ef?cient for detecting, particularly, a small calci?ed 
pattern, Which is one of characteristic forms of mammary 
cancers. HoWever, the image to be processed With the 
morphology processing is not limited to the small calci?ed 
pattern in a mammogram, and the morphology processing is 
applicable to any kind of image, in Which the siZe and the 
shape of a speci?c image portion (i.e., an abnormal pattern, 
or the like) to be detected are knoWn previously. 
The morphology processing is carried out by using a 

structure element (also referred to as a mask) B, Which is set 
in accordance With the siZe of the image portion to be 
extracted, and a multi-scale )t. The morphology processing 
has the features in that, for example, (1) it is ef?cient for 
extracting a calci?ed pattern itself, (2) it is not affected by 
complicated background information, and (3) the extracted 
calci?ed pattern does not become distorted. 

Speci?cally, the morphology processing is advantageous 
over ordinary differentiation processing in that it can more 
accurately detect the geometrical information concerning 
the siZe, the shape, and the image density distribution of the 
calci?ed pattern. HoW the morphology processing is carried 
out Will be described hereinbeloW by taking the detection of 
a small calci?ed pattern in a mammogram as an example. 
Fundamental Operation of Morphology Processing 

In general, the morphology processing is expanded as the 
theory of sets in an N-dimensional space. As an aid in 
facilitating the intuitive understanding, the morphology pro 
cessing Will be described hereinbeloW With reference to a 
tWo-dimensional gray level image. 
The gray level image is considered as a space, in Which 

a point having coordinates (x, y) has a height corresponding 
to an image density value f(x, y). In this case, it is assumed 
that the image signal representing the image density value 
f(x, y) is a high luminance-high signal level type of image 
signal, in Which a loW image density (i.e., a high luminance 
When the image is displayed on a CRT display device) is 
represented by a high image signal level. 

Firstly, as an aid in facilitating the explanation, a one 
dimensional function f(x) corresponding to the cross-section 
of the tWo-dimensional gray level image is considered. It is 
assumed that a structure element g (corresponding to the 
aforesaid structure element B) used in the morphology 
operation is a symmetric function of Formula (3) shoWn 
beloW, Which is symmetric With respect to the origin. 

It is also assumed that the value is 0 in a domain of de?nition 
G, Which is represented by Formula 

In such cases, the fundamental forms of the morphology 
operation are very simple operations carried out With For 
mulas (5), (6), (7), and (8) shoWn beloW. 
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Speci?cally, as illustrated in FIG. 4A, the dilation pro 
cessing is the processing for retrieving the maximum value 
in the region of a Width of :m (Which Width is the value 
determined in accordance With the structure element B and 
corresponds to the mask siZe shoWn in FIG. 4A) having its 
center at a picture element of interest. As illustrated in FIG. 
4B, the erosion processing is the processing for retrieving 
the minimum value in the region of the Width of :m having 
its center at the picture element of interest. Therefore, the 
dilation processing is also referred to as the maximum value 
processing, and the erosion processing is also referred to as 
the minimum value processing. 

The opening processing is equivalent to the processing in 
Which the dilation processing is carried out after the erosion 
processing, i.e., the processing in Which the maximum value 
is searched after the searching of the minimum value. Also, 
the closing processing is equivalent to the processing in 
Which the erosion processing is carried out after the dilation 
processing, i.e., the processing in Which the minimum value 
is searched after the searching of the maximum value. 
More speci?cally, as illustrated in FIG. 4C, the opening 

processing is equivalent to the processing for smoothing the 
image density curve f(x) from the loW luminance side, and 
removing a convex image density ?uctuating portion (i.e., 
the portion at Which the luminance is higher than that of the 
surrounding portions), Which ?uctuates in a region spatially 
narroWer than the mask siZe of 2 m. Also, as illustrated in 
FIG. 4D, the closing processing is equivalent to the pro 
cessing for smoothing the image density curve f(x) from the 
high luminance side, and removing a concave image density 
?uctuating portion (i.e., the portion at Which the luminance 
is loWer than that of the surrounding portions), Which 
?uctuates in the region spatially narroWer than the mask siZe 
of 2 m. 

In cases Where the structure element g is not symmetric 
With respect to the origin, the dilation operation With For 
mula (5) is referred to as the MinkoWski sum, and the 
erosion operation With Formula (6) is referred to as the 
MinkoWski difference. 

In cases Where the image signal representing the image 
density value f(x) is a high image density-high signal level 
type of image signal, in Which a high image density is 
represented by a high image signal level, the relationship 
betWeen the image density value f(x) and the image signal 
value becomes reverse to the relationship betWeen the image 
density value f(x) and the image signal value in the high 
luminance-high image signal level type of image signal. 
Therefore, the dilation processing, Which is carried out on 
the high image density-high signal level type of image 
signal, coincides With the erosion processing, Which is 
carried out on the high luminance-high signal level type of 
image signal as shoWn in FIG. 4B. The erosion processing, 
Which is carried out on the high image density-high signal 
level type of image signal, coincides With the dilation 
processing, Which is carried out on the high luminance-high 
signal level type of image signal as shoWn in FIG. 4A. The 
opening processing, Which is carried out on the high image 
density-high signal level type of image signal, coincides 
With the closing processing, Which is carried out on the high 
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4 
luminance-high signal level type of image signal as shoWn 
in FIG. 4D. Also, the closing processing, Which is carried out 
on the high image density-high signal level type of image 
signal, coincides With the opening processing, Which is 
carried out on the high luminance-high signal level type of 
image signal as shoWn in FIG. 4C. 

Each of the signals, Which are obtained from the aforesaid 
morphology processing (i.e., the dilation processing, the 
erosion processing, the opening processing, and the closing 
processing), (each of the signals having the pro?les indi 
cated by the broken lines in FIGS. 4A, 4B, 4C, and 4D) Will 
hereinbeloW be referred to as the morphology signal Smor. 
The morphology processing is herein described With 

respect to the high luminance-high signal level type of 
image signal. 
Application to Detection of Calci?ed Patterns 

In order for a calci?ed pattern to be detected, it is 
considered to employ a difference method, in Which a 
smoothed image signal is subtracted from the original image 
signal. HoWever, With a simple smoothing method, it is 
dif?cult to discriminate the calci?ed pattern from an elon 
gated non-calci?ed pattern (for example, a pattern of the 
mammary gland, a blood vessel, mammary gland supporting 
tissues, or the like). Therefore, Obata of Tokyo University of 
Agriculture and Technology, et al. have proposed a mor 
phology ?lter, Which is represented by Formula (9) and is 
based upon the opening operation using a multiply structure 
element. [Reference should be made to “Extraction of Small 
Calci?ed Patterns With A Morphology Filter Using A Mul 
tiply Structure Element,” Collected Papers of The Institute 
of Electronics and Communication Engineers of Japan, D-II, 
Vol. J75-D-II, No. 7, pp. 1170—1176, July 1992; and “Fun 
damentals of Morphology and Its Application to Mammo 
gram Processing,” Medical Imaging Technology, Vol. 12, 
No. 1, January 1994.] 

P = (9) f-max 
ie(l, ..., M) 

: f-max 

ie(l, ..., M) 

In Formula (9), Bi (Wherein i=1, 2, . . . , M) represents M 
number of linear structure elements (M=4 in the example 
shoWn in FIG. 7). (The M number of structure elements, as 
a Whole, Will hereinbeloW be referred to as the multiply 
structure element.) In cases Where the structure element Bi 
is set to be larger than the calci?ed pattern to be detected, a 
calci?ed pattern, Which is a convex signal change portion 
?ner than the structure element Bi (i.e., Which is an image 
portion ?uctuating in a spatially narroW region) and has 
luminance values larger than the luminance values of the 
surrounding portions, is removed in the opening processing. 
On the other hand, an elongated non-calci?ed pattern is 
longer than the structure element Bi. Therefore, in cases 
Where the inclination of the non-calci?ed pattern (i.e, the 
direction along Which the non-calci?ed pattern extends) 
coincides With one of the directions of the four structure 
elements Bi, the non-calci?ed pattern remains unremoved 
after the opening processing, i.e. the operation of the second 
term of Formula (9), has been carried out. Therefore, When 
the smoothed image signal obtained from the opening pro 
cessing (i.e. the signal representing the image, from Which 
only the calci?ed pattern has been removed) is subtracted 
from the original image signal f, an image can be obtained 
Which contains only the small calci?ed pattern. This is the 
concept behind Formula 
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As described above, in cases Where the image signal is of 
the high image density-high signal level type, the image 
density value of the calci?ed pattern is smaller than the 
image density values of the surrounding image portions, and 
the calci?ed pattern constitutes a concave signal change 
portion With respect to the surrounding portions. Therefore, 
the closing processing is applied in lieu of the opening 
processing, and Formula (10) shoWn beloW is applied in lieu 
of Formula 

P = f — min 

ie (1, M) 

: f-min 

ie(l, ...,M) 

Also, in cases Where the image signal obtained from the 
dilation processing or the erosion processing is subtracted 
from the original image signal in accordance With Formula 
(11) or (12) shoWn beloW, only the edge portion in the 
original image (illustrated in FIG. 4A or 4B) can be 
extracted selectively. 

(11) 

(12) 

As described above, in order that a visible image having 
good image quality can be reproduced and used as an 
effective tool in, particularly, the accurate and ef?cient 
diagnosis of an illness, it is essential to carry out the image 
processing on the given image. HoWever, in cases Where the 
emphasis processing merely depending on the image density 
is carried out as disclosed in, for example, US. Pat. No. 
4,315,318, components adversely affecting the image 
quality, such as radiation noise components in a 
mammogram, are also emphasiZed. As a result, the image 
quality of the image and its capability of serving as an 
effective tool in, particularly, the ef?cient and accurate 
diagnosis of an illness become loW. 

Also, as disclosed in, for example, US. Pat. No. 4,571, 
635, EP 357842 B1, and WO 90/07751, in cases Where 
emphasis processing depending upon the value of variance 
of an image signal is carried out, an image portion having a 
locally large change in image density is emphasiZed to a 
high extent. Therefore, the problems occur in that under 
shooting and overshooting become relatively perceptible in 
the vicinity of the image portion. Particularly, as for X-ray 
images, an artifact is apt to occur on the high image density 
side. 

Accordingly, the applicant proposed image processing 
methods, Wherein emphasis depending upon the morphol 
ogy signal obtained from each morphology operation 
described above is carried out, Wherein components unnec 
essary for a diagnosis, or the like, such as noise components, 
are not emphasiZed, and Wherein only a speci?c image 
portion of interest is emphasiZed ef?ciently. The proposed 
image processing methods are described in US. Ser. No. 
08/623,223. 

In the proposed image processing methods, the emphasis 
coef?cient [3 in Formula (1) shoWn above is set to be a 
function of a signal (i.e., a speci?c image signal) Scalc, 
Which represents a speci?c image portion and may be 
represented by Formula (13) having the same meaning as 
that of Formula (9) or (10) shoWn above, or a function of a 
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6 
signal (i.e., an edge signal) Sedge, Which represents an 
image edge portion and may be represented by Formula (14) 
having the same meaning as that of Formula (11) or (12) 
shoWn above. By Way of example, the emphasis coef?cient 
[3 may be represented by a nonlinear conversion table, Which 
is indicated by the solid line in FIG. 2. 

The conversion table is set previously such that the value 
of the emphasis coef?cient [3 may change from 0 to a 
positive value When the edge signal Sedge or the speci?c 
image signal Scalc takes a value larger than a predetermined 
threshold value A, and such that the value of the emphasis 
coef?cient [3 may be ?xed to be 1 When the edge signal 
Sedge or the speci?c image signal Scalc takes a value larger 
than a predetermined threshold value B. 
The threshold value A is a value, Which separates noise 

components and components representing a true image edge 
portion in the edge signal Sedge from each other, or a value, 
Which separates noise components and components repre 
senting a true speci?c image portion in the speci?c image 
signal Scalc from each other. As the threshold value A, an 
appropriate value is set previously based upon results of 
experiments. 
The threshold value B is a value for restraining the 

emphasis coef?cient [3 from increasing monotonously in 
accordance With an increase in the value of the edge signal 
Sedge or the speci?c image signal Scalc. As the threshold 
value B, an appropriate value is set previously based upon 
results of experiments. 

Values of the edge signal Sedge or the speci?c image 
signal Scalc due to noise components are smaller than the 
values of the edge signal Sedge, Which represents the true 
image edge portion, or the values of the speci?c image 
signal Scalc, Which represents the speci?c image portion. 
Therefore, With the proposed image processing methods, 
even if noise components are contained in the morphology 
signal Smor, the value of the emphasis coef?cient [3 With 
respect to the noise components is set to be Zero, and the 
noise components are not emphasiZed. Accordingly, only the 
speci?c image portion, such as a calci?ed pattern having a 
siZe smaller than the structure element, and the edge portion 
in the image can be selectively emphasiZed With a high 
accuracy. Such effects could not be obtained in the past. 

HoWever, With the aforesaid image processing method 
having been proposed by the applicant, it may rarely occur 
that noise components are emphasiZed. 

Speci?cally, for example, such that a dose of radiation 
given to an object may be restricted, a radiation image of the 
object may be recorded With a comparatively small dose of 
radiation. As for such an original image, the values of noise 
components contained in the original image become larger 
than the values of noise components, Which are contained in 
an original image having been recorded With a dose of 
radiation for obtaining an image having optimum image 
quality. 
As for the original image containing noise components 

having comparatively large values, the values of the edge 
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signal Sedge or the speci?c image signal Scalc due to the 
noise components become comparatively large. Therefore, 
the values of the edge signal Sedge or the speci?c image 
signal Scalc due to the noise components may take values 
larger than the aforesaid threshold value A. In such cases, the 
problems occur in that the noise components are empha 
siZed. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide 
an image emphasis processing method, Wherein only a 
speci?c image portion, such as a calci?ed pattern, and/or an 
image edge portion is selectively emphasiZed With a high 
accuracy regardless of a dose of radiation delivered during 
an operation for recording a radiation image. 

Another object of the present invention is to provide an 
apparatus for carrying out the image emphasis processing 
method. 

An image emphasis processing method and apparatus in 
accordance With the present invention are characteriZed by 
correcting a conversion table for calculating a value of an 
emphasis coef?cient, Which corresponds to an edge signal 
Sedge, and/or a conversion table for calculating a value of 
an emphasis coef?cient, Which corresponds to an speci?c 
image signal Scalc, the correction being made in accordance 
With a dose of radiation delivered during an operation for 
recording a radiation image, such that only an image edge 
portion and/or a speci?c image portion, such as a calci?ed 
pattern, may be accurately separated from noise and empha 
siZed. 

Speci?cally, the present invention provides an image 
emphasis processing method, comprising the steps of: 

i) carrying out a morphology operation on an original 
image signal representing a radiation image, a mor 
phology signal being obtained from the morphology 
operation, 

ii) obtaining an edge signal [Sedge represented by For 
mula (14)], Which represents a characteristic value With 
respect to an image edge portion embedded in the 
radiation image, and/or a speci?c image signal [Scalc 
represented by Formula (13)], Which represents a char 
acteristic value With respect to a speci?c image portion 
having a contour of a predetermined siZe, the speci?c 
image portion being embedded in the radiation image, 
the edge signal and/or the speci?c image signal being 
obtained from the morphology signal and the original 
image signal, 

iii) calculating an emphasis coef?cient, Which corre 
sponds to the edge signal, from a conversion table 
having been set previously, and/or calculating an 
emphasis coef?cient, Which corresponds to the speci?c 
image signal, from a conversion table having been set 
previously, and 

iv) selectively emphasiZing the image edge portion in 
accordance With the emphasis coefficient, Which cor 
responds to the edge signal, and image signal values of 
the original image signal representing the image edge 
portion, and/or selectively emphasiZing the speci?c 
image portion in accordance With the emphasis 
coef?cient, Which corresponds to the speci?c image 
signal, and image signal values of the original image 
signal representing the speci?c image portion, 

Wherein the conversion table for the calculation of the 
emphasis coef?cient, Which corresponds to the edge 
signal, is set such that the emphasis coefficient may 
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8 
take a positive value When the value of the edge signal 
is larger than a predetermined threshold value, and/or 
the conversion table for the calculation of the emphasis 
coef?cient, Which corresponds to the speci?c image 
signal, is set such that the emphasis coef?cient may 
take a positive value When the value of the speci?c 
image signal is larger than a predetermined threshold 
value, and 

Wherein the conversion table for the calculation of the 
emphasis coef?cient, Which corresponds to the edge 
signal, and/or the conversion table for the calculation of 
the emphasis coef?cient, Which corresponds to the 
speci?c image signal, is corrected such that, as a dose 
of radiation delivered during an operation for recording 
the radiation image becomes small, the corresponding 
threshold value may become large. 

By Way of example, as each of the conversion tables, a 
nonlinear table indicated by the solid line in FIG. 2 may be 
employed. Also, the term “image portion having a contour” 
as used herein means, for example, an abnormal pattern, 
such as a calci?ed pattern. This term does not mean a mere 

image edge portion, at Which the change in image density is 
sharp, and means the closed image portion, Which is sur 
rounded by such an image edge portion. 

Further, the term “predetermined threshold value” as used 
herein means a threshold value Aillustrated in FIG. 2. In the 
image emphasis processing method in accordance With the 
present invention, each of the conversion tables is corrected 
such that, as the dose of radiation delivered during the 
operation for recording the radiation image becomes small, 
the corresponding threshold value A may become large. In 
the same manner as that in the threshold value A, as the dose 
of radiation delivered during the operation for recording the 
radiation image becomes small, a threshold value B shoWn 
in FIG. 2, at Which the value of the emphasis coef?cient [3 
is ?xed to be 1.0, may also be shifted to a large value. 

Information representing the dose of radiation delivered 
during the operation for recording the radiation image may 
be inputted from a predetermined input means. 
Alternatively, the dose of radiation delivered during the 
operation for recording the radiation image may be calcu 
lated from the original image signal. 
As a method for calculating the dose of radiation from the 

original image signal, a method based upon exposure data 
recogniZer processing (EDR processing), Which has been 
proposed by the applicant in, for example, Japanese Patent 
Publication No. 4(1992)-64223, should preferably be 
employed. With the EDR processing, a histogram of the 
original image signal is formed, and a read-out sensitivity 
(an S value) and a latitude (an L value) are calculated from 
the histogram. With the method based upon the EDR 
processing, a predetermined correction value C is calculated 
from the S value and the L value, Which have been obtained 
from the EDR processing, by using Formulas (15), (16), 
(16‘), and (17) shoWn beloW, Which have been determined 
experimentally. 

Speci?cally, ?rstly, the S value With respect to a reference 
image (i.e., an image having been recorded With an appro 
priate dose of radiation) is taken to be 50, and the L value 
With respect to the reference image is taken to be 2.0. Also, 
a constant q is calculated With Formula (15) shoWn beloW. 

An appropriate threshold value Ttype is then calculated 
from a constant P (=1.533) by using Formula (16) shoWn 
beloW. 
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As a result, Ttype=15.23. 
Thereafter, a value of q is calculated from the S value and 

the L value With respect to the original image, Which is to be 
subjected to the image emphasis processing, by using For 
mula (15) shoWn above. Also, as in Formula (16) shoWn 
above, a threshold value TO appropriate for the original 
image is calculated With Formula (16‘) shoWn beloW. 

T0=12.27><Pq (16') 

Further, the correction value C is calculated With Formula 
(17) shoWn beloW. 

C=TO—Ttype (17) 

In cases Where the nonlinear table indicated by the solid 
line in FIG. 2 is employed as each of the conversion tables, 
the threshold value A is corrected With the correction value 
C described above. Speci?cally, the original conversion 
table indicated by the solid line in FIG. 2 is shifted by C, and 
a corrected conversion table, Which is indicated by the 
broken line in FIG. 2, is thereby obtained. (In such cases, the 
threshold value B is simultaneously corrected in the same 
manner as that in the threshold value A.) 

The present invention also provides an image emphasis 
processing apparatus, comprising: 

i) a morphology operation means for carrying out a 
morphology operation on an original image signal 
representing a radiation image, a morphology signal 
being obtained from the morphology operation, 

ii) a speci?c image signal calculating means for obtaining 
an edge signal, Which represents a characteristic value 
With respect to an image edge portion embedded in the 
radiation image, and/or a speci?c image signal, Which 
represents a characteristic value With respect to a 
speci?c image portion having a contour of a predeter 
mined siZe, the speci?c image portion being embedded 
in the radiation image, the edge signal and/or the 
speci?c image signal being obtained from the morphol 
ogy signal and the original image signal, 

iii) a conversion table, in Which the edge signal and a 
corresponding emphasis coefficient have been set 
previously, and/or a conversion table, in Which the 
speci?c image signal and a corresponding emphasis 
coef?cient have been set previously, and 

iv) an image emphasis processing means for selectively 
emphasiZing the image edge portion in accordance With 
the emphasis coef?cient, Which corresponds to the edge 
signal, and image signal values of the original image 
signal representing the image edge portion, and/or 
selectively emphasiZing the speci?c image portion in 
accordance With the emphasis coefficient, Which cor 
responds to the speci?c image signal, and image signal 
values of the original image signal representing the 
speci?c image portion, 

Wherein the conversion table, in Which the edge signal and 
the corresponding emphasis coef?cient have been set 
previously, is s et such that the emphasis coef?cient 
may take a positive value When the value of the edge 
signal is larger than a predetermined threshold value, 
and/or the conversion table, in Which the speci?c image 
signal and the corresponding emphasis coef?cient have 
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been set previously, is set such that the emphasis 
coef?cient may take a positive value When the value of 
the speci?c image signal is larger than a predetermined 
threshold value, and 

Wherein the apparatus further comprises a correction 
means for correcting the conversion table, in Which the 
edge signal and the corresponding emphasis coef?cient 
have been set previously, and/or the conversion table, 
in Which the speci?c image signal and the correspond 
ing emphasis coef?cient have been set previously, the 
correction being made such that, as a dose of radiation 
delivered during an operation for recording the radia 
tion image becomes small, the corresponding threshold 
value may become large. 

In order to specify the dose of radiation delivered during 
the operation for recording the radiation image, the image 
emphasis processing apparatus in accordance With the 
present invention may further comprise a radiation dose 
input means for inputting the information representing the 
dose of radiation delivered during the operation for record 
ing the radiation image, or a radiation dose calculating 
means for calculating the dose of radiation from the original 
image signal. 

In the image emphasis processing method and apparatus 
in accordance With the present invention, in cases Where the 
original image signal is of the high image density-high 
signal level type and the speci?c image portion to be 
emphasiZed is a calci?ed pattern, the signal value of the 
calci?ed pattern is smaller than the signal values of the 
surrounding image portions. Therefore, in such cases, the 
closing processing [represented by Formula (13“)], in Which 
the minimum value is searched after the searching of the 
maximum value, may be carried out. 

Also, in cases Where the original image signal is of the 
high luminance-high signal level type and the speci?c image 
portion to be emphasiZed is a calci?ed pattern, the signal 
value of the calci?ed pattern is larger than the signal values 
of the surrounding image portions. Therefore, in such cases, 
the opening processing [represented by Formula (13‘)], in 
Which the maXimum value is searched after the searching of 
the minimum value, may be carried out. 
As a structure element Which is used When the morphol 

ogy operation is carried out in accordance With the present 
invention, a multiply structure element may be employed. It 
is also possible to employ a single structure element, for 
example, a bisymmetric element having a form of a square, 
a rectangle, a circle, an ellipse, a rhombus, or the like. 
With the image processing method and apparatus in 

accordance With the present invention, the conversion table 
for the edge signal Sedge and the emphasis coef?cient and/or 
the conversion table for the speci?c image signal Scalc and 
the emphasis coef?cient is corrected in accordance With the 
dose of radiation delivered during the operation for record 
ing the radiation image. Therefore, even if the original image 
has been recorded With a small dose of radiation and 
therefore contains comparatively high levels of radiation 
noise, the edge portion in the image and the speci?c image 
portion, such as a calci?ed pattern, can be accurately sepa 
rated from noise and emphasiZed. 

Speci?cally, in the image having been recorded With a 
small dose of radiation, the levels of radiation noise com 
ponents become comparatively high. Also, the values of the 
edge signal Sedge and the speci?c image signal Scalc due to 
noise components become comparatively large. In such 
cases, the conversion table for the edge signal Sedge and the 
emphasis coef?cient and/or the conversion table for the 
speci?c image signal Scalc and the emphasis coef?cient is 
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corrected such that, as the dose of radiation delivered during 
the operation for recording the radiation image becomes 
small, the conversion table may be shifted to the direction 
that restricts the increase in the value of the emphasis 
coef?cient. As a result, the emphasis coefficient can be 
prevented from becoming large due to an increase in the 
levels of noise components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a ?rst embodiment of 
the image emphasis processing apparatus in accordance With 
the present invention, 

FIG. 2 is a graph shoWing an example of a conversion 
table, 

FIG. 3 is a block diagram shoWing a correction means and 
an image information input means, 

FIG. 4A is a graph shoWing hoW a dilation processing, 
Which is one of fundamental morphology operations, is 
carried out, 

FIG. 4B is a graph shoWing hoW an erosion processing, 
Which is one of fundamental morphology operations, is 
carried out, 

FIG. 4C is a graph shoWing hoW an opening processing, 
Which is one of fundamental morphology operations, is 
carried out, 

FIG. 4D is a graph shoWing hoW a closing processing, 
Which is one of fundamental morphology operations, is 
carried out, 

FIG. 5 is a block diagram shoWing a second embodiment 
of the image emphasis processing apparatus in accor 
dance With the present invention, 

FIG. 6 is a block diagram shoWing a third embodiment of 
the image emphasis processing apparatus in accordance 
With the present invention, and 

FIG. 7 is an explanatory vieW shoWing a multiply struc 
ture element Bi (Where i=1, 2, . . . , M; M=4) employed 
in a morphology ?lter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will hereinbeloW be described in 
further detail With reference to the accompanying draWings. 

FIG. 1 is a block diagram shoWing a ?rst embodiment of 
the image emphasis processing apparatus in accordance With 
the present invention. The image emphasis processing appa 
ratus illustrated in FIG. 1 carries out image processing on an 
image signal, Which represents an X-ray image, and selec 
tively emphasiZes an image edge portion, at Which the image 
density value changes sharply. 

With reference to FIG. 1, the image emphasis processing 
apparatus comprises a loW pass ?lter 11 for obtaining an 
unsharp mask signal Sus, Which is represented by Formula 
(2) and corresponds to super-loW frequency, from an original 
image signal Sorg, Which is an image density signal (a high 
image density-high signal level type of image signal) rep 
resenting an image. The image emphasis processing appa 
ratus also comprises a subtracter 17 for subtracting the 
unsharp mask signal Sus from the original image signal Sorg 
and thereby extracting comparatively high frequency com 
ponents (Sorg-Sus). The image emphasis processing appa 
ratus further comprises a morphology operation means 13 
for carrying a dilation processing on the original image 
signal Sorg and thereby obtaining a morphology signal 
Smor, Which is represented by Formula (14‘). The image 
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12 
emphasis processing apparatus still further comprises a 
subtracter 19 for subtracting the original image signal Sorg 
from the morphology signal Smor and thereby obtaining an 
edge signal Sedge, Which is represented by Formula (14). 
The image emphasis processing apparatus also comprises a 
conversion table 16, in Which the edge signal Sedge and the 
corresponding emphasis coef?cient [3 have been set, and a 
correction means 50 for correcting the conversion table 16 
in accordance With an S value and an L value, Which are 
inputted from an image information input means 60. The 
image emphasis processing apparatus further comprises a 
multiplier 42 for multiplying the high frequency components 
(Sorg-Sus) by the emphasis coef?cient [3, and an adder 43 
for adding the product, Which has been obtained from the 
multiplier 42, and the original image signal Sorg to each 
other. 

The conversion table 16 is indicated by the solid line in 
FIG. 2. As illustrated in FIG. 2, the emphasis coef?cient [3 
takes a value of 0 With respect to the value of the edge signal 
Sedge falling Within the range of 0 to the threshold value A. 
With respect to the value of the edge signal Sedge falling 
Within the range of the threshold value A to the threshold 
value B, the value of the emphasis coef?cient [3 increases 
monotonously along a straight line as the value of the edge 
signal Sedge becomes large. With respect to the value of the 
edge signal Sedge larger than the threshold value B, the 
value of the emphasis coefficient [3 is ?xed to be 1. Each of 
the threshold value A and the threshold value B is deter 
mined experimentally for a reference image, Which has been 
recorded With an appropriate dose of radiation. The thresh 
old value Ais set to be a value appropriate for the processing 
such that the image edge portion may be emphasiZed ([3>0) 
and radiation noise may not be emphasized ([3=0). In cases 
Where the edge signal Sedge takes a comparatively large 
value, the high frequency components (Sorg-Sus) also take 
large values. Therefore, the threshold value B is set to be a 
value appropriate for restricting excessive emphasis. 

Information representing the threshold values A and B for 
the reference image, Which has been recorded With the 
appropriate dose of radiation, is stored in a reference param 
eter storing means 52 of the correction means 50, Which Will 
be described later. 

The image information input means 60 receives the 
original image signal Sorg and carries out the EDR process 
ing. With the EDR processing, the read-out sensitivity (the 
S value) and the latitude (the L value), Which correspond to 
the dose of radiation delivered during the operation for 
recording the X-ray image subjected to the image emphasis 
processing (the dose of radiation With Which the X-ray 
image Was recorded) , are calculated. The image information 
input means 60 feeds the information, Which represents the 
S value and the L value, into the correction means 50. 

As illustrated in FIG. 3, the correction means 50 com 
prises the reference parameter storing means 52 for storing 
the initial values of the threshold values (parameters) A and 
B, Which de?ne the conversion table 16. The correction 
means 50 also comprises a parameter correcting means 51 
for calculating a predetermined correction value C from the 
S value and the L value, Which are received from the image 
information input means 60, by using Formulas (15), (16), 
(16‘), and (17) shoWn beloW. The parameter correcting 
means 51 corrects the threshold values A and B With the 
correction value C. The correction means 50 further com 
prises a nonlinear table forming means 53 for forming a neW 
conversion table in accordance With the corrected threshold 
values. 
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In the correction means 50 in this embodiment, the image 
having been recorded With the appropriate dose of radiation, 
for Which the initial S value is equal to 50 and the initial L 
value is equal to 2.0 (Ttype=15.23), is taken as reference. 
HoW this embodiment operates Will be described herein 

beloW. 
An original image signal Sorg representing an image, 

Which Was recorded With a dose of X-rays smaller than the 
dose of X-rays for the reference image, is fed into the loW 
pass ?lter 11, the morphology operation means 13, the adder 
43, the subtracter 17, and the subtracter 19. 

Firstly, the loW pass ?lter 11 calculates the unsharp mask 
signal Sus from the original image signal Sorg in accordance 
With Formula (2) shoWn beloW. 

Sus=(EES0rg)/N2 (2) 

Wherein ZZSorg represents the sum of the original image 
signal values representing the picture elements located 
Within the unsharp mask. 

Thereafter, the subtracter 17 subtracts the unsharp mask 
signal Sus from the original image signal Sorg and thereby 
extracts the comparatively high frequency components 
(Sorg-Sus). The high frequency components (Sorg-Sus) are 
fed into the multiplier 42. 

Also, the morphology operation means 13 carries out the 
dilation processing on the received original image signal 
Sorg and thereby calculates the morphology signal Smor, 
Which is represented by Formula (14‘). As indicated by the 
broken line in FIG. 4A, the morphology signal Smor is the 
maXimum value signal With respect to the image signal. 

The X-ray image represented by the original image signal 
Sorg is the one Which has been recorded With a dose of 
radiation smaller than the dose of radiation for the reference 
image. Therefore, the X-ray image contains radiation noise 
of a comparatively higher level than in the reference image. 
In the dilation processing With the morphology operation 
means 13, the maXimum value processing is also carried out 
on the radiation noise. As a result, at a portion at Which the 
radiation noise occurs, the morphology signal Smor takes a 
value larger than the value of the original image signal Sorg. 
HoWever, since the signal ?uctuation value (the amplitude) 
of the radiation noise is very small, the difference betWeen 
the morphology signal Smor and the original image signal 
Sorg is small. 

Thereafter, the subtracter 19 subtracts the original image 
signal Sorg from the morphology signal Smor and thereby 
calculates the edge signal Sedge. As illustrated in FIG. 4A, 
the edge signal Sedge represents a characteristic value With 
respect to the edge portion in the X-ray image and a concave 
image portion (e.g., a small calci?ed pattern), Which is 
spatially narroWer than the structure element. The edge 
signal Sedge is fed into the conversion table 16. In such 
cases, as described above, at a portion at Which the radiation 
noise occurs, even if the radiation noise occurs in a ?at 
portion, at Which the ?uctuation in image density is small, 
the difference betWeen the morphology signal Smor and the 
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original image signal Sorg is not equal to 0, and therefore the 
edge signal Sedge takes a positive value. 

Initially, the conversion table 16 is set as indicated by the 
solid line in FIG. 2 in accordance With the threshold values 
A and B, Which are stored in the reference parameter storing 
means 52. The threshold value A in the initial state has been 
set With respect to the reference image such that the edge 
signal Sedge due to the radiation noise can be appropriately 
separated from the edge signal Sedge With respect to the 
image edge portion. The threshold value A corresponds to 
Ttype=15.23. 

Therefore, in cases Where the image contains a compara 
tively high level of radiation noise as in the X-ray image, 
Which is subjected to the image emphasis processing in this 
embodiment, it often occurs that the value of the edge signal 
Sedge due to the radiation noise becomes larger than the 
threshold value A. The problems Will occur, depending upon 
the setting of the threshold value A, in that the edge signal 
Sedge due to the radiation noise cannot be accurately 
separated from the edge signal Sedge With respect to the 
image edge portion. 

In order to eliminate the problems described above, the 
image information input means 60 carries out the EDR 
processing on the received original image signal Sorg and 
thereby calculates the S value and the L value With respect 
to the original image signal Sorg. The information repre 
senting the calculated S value and the calculated L value is 
fed into the correction means 50. In accordance With the 
received S value and the received L value, the correction 
means 50 sets a threshold value appropriate for accurately 
separating the edge signal Sedge due to the radiation noise 
from the edge signal Sedge With respect to the image edge 
portion in the image containing the comparatively high level 
of radiation noise. 

Speci?cally, the parameter correcting means 51 of the 
correction means 50 calculates the predetermined correction 
value C from the S value and the L value, Which have been 
received from the image information input means 60, and 
the value of Ttype, Which is stored in the reference param 
eter storing means 52, by using Formulas (15), (16‘), and 
(17) shoWn above. The parameter correcting means 51 
makes a correction by adding the correction value C to the 
threshold values A and B. Also, the nonlinear table forming 
means 53 forms a neW conversion table 16 (Which is 
indicated by the broken line in FIG. 2) in accordance With 
the corrected threshold values. 
The correction value C is calculated as the value for 

correcting the threshold values A and B into neW threshold 
values such that the edge signal Sedge due to the radiation 
noise in the X-ray image subjected to the image emphasis 
processing can be accurately separated from the edge signal 
Sedge With respect to the image edge portion. Therefore, of 
the edge signal Sedge received from the subtracter 19, the 
edge signal Sedge due to the radiation noise is converted into 
the emphasis coef?cient [3 having a value of 0, and the edge 
signal Sedge With respect to the image edge portion is 
converted into the emphasis coef?cient [3 having a value 
larger than 0 and not larger than 1. 
The information representing the emphasis coef?cient [3, 

Which takes a value larger than 0 for only the edge signal 
Sedge With respect to the image edge portion, is fed into the 
multiplier 42. The multiplier 42 multiplies the high fre 
quency components (Sorg-Sus), Which have been received 
from the subtracter 17, by the emphasis coef?cient [3 and 
thereby emphasiZes the high frequency components (Sorg 
Sus). 
The emphasiZed high frequency components, [3><(Sorg— 

Sus), are fed into the adder 43. The adder 43 adds the 



5,953,461 
15 

emphasized high frequency components, [3><(Sorg-Sus), to 
the original image signal Sorg, and a processed image signal 
Sproc is thereby obtained. 

In the processed image signal Sproc, of the original image 
signal Sorg, the high frequency components corresponding 
to the image edge portion are emphasiZed, and the high 
frequency components due to the radiation noise are not 
emphasiZed. Therefore, from the processed image signal 
Sproc, a visible image can be reproduced, Which has good 
image quality and can serve as an effective tool in, 
particularly, the accurate and efficient diagnosis of an illness. 

FIG. 5 is a block diagram shoWing a second embodiment 
of the image emphasis processing apparatus in accordance 
With the present invention. In FIG. 5, similar elements are 
numbered With the same reference numerals With respect to 
FIG. 1. The second embodiment is identical With the ?rst 
embodiment of FIG. 1, eXcept for the points described 
beloW. 

(1) As the morphology operation means, the second 
embodiment is provided With a morphology operation 
means 12 for carrying out a closing processing With a 
multiply structure element (multi-element) on the origi 
nal image signal Sorg, and thereby calculating the 
morphology signal Smor represented by Formula (13“) 
shoWn above. 

(2) Since the multiply structure element is used in the 
morphology operation means 12, a plurality of mor 
phology signals Smor are obtained by utiliZing a plu 
rality of structure elements. The second embodiment is 
also provided With a dilation processing means 14 for 
selecting the maXimum value of the differences 
betWeen the original image signal Sorg and the plural 
ity of the morphology signals Smor. 

As described in (1) above, the second embodiment of the 
image emphasis processing apparatus in accordance With the 
present invention is provided With the morphology operation 
means 12 for carrying out the closing processing. The 
morphology operation means 12 calculates the morphology 
signal Smor represented by Formula (13“) shoWn above 
from the received original image signal Sorg. As indicated 
by the broken line in FIG. 4D, the morphology signal Smor 
is the maXimum value signal With respect to the original 
image signal Sorg. A subtracter 18 subtracts the original 
image signal Sorg from the morphology signal Smor and 
thereby calculates a speci?c image signal Scalc. As illus 
trated in FIG. 4D, the speci?c image signal Scalc represents 
a characteristic value With respect to a concave image 
portion (e.g., a small calci?ed pattern), Which is spatially 
narroWer than a structure element, in the X-ray image. The 
speci?c image signal Scalc is fed into a conversion table 15. 
In this embodiment, as described in (2) above, since the 
multiply structure element is used, a plurality of morphology 
signals Smor are obtained by utiliZing a plurality of structure 
elements. From the plurality of the morphology signals 
Smor, the plurality of speci?c image signals Scalc are 
obtained. The dilation processing means 14 selects the 
maXimum speci?c image signal Scalc from the plurality of 
speci?c image signals Scalc and feeds the maXimum speci?c 
image signal Scalc into the conversion table 15. 

The other operations are the same as those in the ?rst 
embodiment. The portion, Which is emphasiZed by the 
second embodiment, is the concave image portion, such as 
a small calci?ed pattern, Which is spatially narroWer than the 
structure element. 

FIG. 6 is a block diagram shoWing a third embodiment of 
the image emphasis processing apparatus in accordance With 
the present invention. In FIG. 6, similar elements are num 
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bered With the same reference numerals With respect to FIG. 
1 and FIG. 5. The third embodiment is obtained by com 
bining the ?rst embodiment of FIG. 1 and the second 
embodiment of FIG. 5 With each other. The constitution and 
the operations of the third embodiment are the same as those 
of the ?rst and second embodiments. In the third 
embodiment, as illustrated in FIG. 6, an emphasis coef?cient 
[3calc (Which corresponds to the emphasis coef?cient [3 
calculated by the conversion table 15 shoWn in FIG. 5) is 
calculated by the conversion table 15. Also, an emphasis 
coef?cient [3edge (Which corresponds to the emphasis coef 
?cient [3 calculated by the conversion table 16 shoWn in FIG. 
1) is calculated by the conversion table 16. A multiplier 41 
multiplies the emphasis coefficient [3calc and the emphasis 
coef?cient [3edge by each other. The thus obtained product 
is employed as the emphasis coef?cient [3, by Which the high 
frequency components (Sorg-Sus) are to be multiplied. In 
this manner, the problems can be prevented from occurring 
in that the high frequency components due to the radiation 
noise are emphasiZed by either one of the emphasis coef? 
cients [3calc and [3edge. 

In the ?rst, second, and third embodiments described 
above, as the means for correcting the threshold value in the 
conversion table, the correction means 50 for automatically 
correcting the threshold value in accordance With the origi 
nal image signal Sorg is employed. Alternatively, a radiation 
dose input means for manually inputting the information, 
Which represents the dose of radiation, may be provided, and 
a correction may be made in accordance With the dose of 
radiation, Which is inputted from the radiation dose input 
means. 

What is claimed is: 
1. An image emphasis processing method, comprising the 

steps of: 
i) carrying out a morphology operation on an original 

image signal representing a radiation image, a mor 
phology signal being obtained from the morphology 
operation, 

ii) obtaining an edge signal, Which represents a charac 
teristic value With respect to an image edge portion 
embedded in the radiation image, and/or a speci?c 
image signal, Which represents a characteristic value 
With respect to a speci?c image portion having a 
contour of a predetermined siZe, the speci?c image 
portion being embedded in the radiation image, the 
edge signal and/or the speci?c image signal being 
obtained from the morphology signal and the original 
image signal, 

iii) calculating an emphasis coefficient, Which corre 
sponds to the edge signal, from a conversion table 
having been set previously, and/or calculating an 
emphasis coef?cient, Which corresponds to the speci?c 
image signal, from a conversion table having been set 
previously, and 

iv) selectively emphasiZing the image edge portion in 
accordance With the emphasis coef?cient, Which cor 
responds to the edge signal, and image signal values of 
the original image signal representing the image edge 
portion, and/or selectively emphasiZing the speci?c 
image portion in accordance With the emphasis 
coef?cient, Which corresponds to the speci?c image 
signal, and image signal values of the original image 
signal representing the speci?c image portion, 

Wherein the conversion table for the calculation of the 
emphasis coef?cient, Which corresponds to the edge 
signal, is set such that the emphasis coef?cient may 
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take a positive value When the value of the edge signal 
is larger than a predetermined threshold value, and/or 
the conversion table for the calculation of the emphasis 
coef?cient, Which corresponds to the speci?c image 
signal, is set such that the emphasis coefficient may 
take a positive value When the value of the speci?c 
image signal is larger than a predetermined threshold 
value, and 

Wherein the conversion table for the calculation of the 
emphasis coef?cient, Which corresponds to the edge 
signal, and/or the conversion table for the calculation of 
the emphasis coef?cient, Which corresponds to the 
speci?c image signal, is corrected such that, as a dose 
of radiation delivered during an operation for recording 
the radiation image becomes small, the corresponding 
threshold value may become large. 

2. A method as de?ned in claim 1 Wherein information 
representing the dose of radiation delivered during the 
operation for recording the radiation image is inputted from 
a predetermined input means. 

3. A method as de?ned in claim 1 Wherein the dose of 
radiation delivered during the operation for recording the 
radiation image is calculated from the original image signal. 

4. An image emphasis processing apparatus, comprising: 
i) a morphology operation means for carrying out a 

morphology operation on an original image signal 
representing a radiation image, a morphology signal 
being obtained from the morphology operation, 

ii) a speci?c image signal calculating means for obtaining 
an edge signal, Which represents a characteristic value 
With respect to an image edge portion embedded in the 
radiation image, and/or a speci?c image signal, Which 
represents a characteristic value With respect to a 
speci?c image portion having a contour of a predeter 
mined siZe, the speci?c image portion being embedded 
in the radiation image, the edge signal and/or the 
speci?c image signal being obtained from the morphol 
ogy signal and the original image signal, 

iii) a conversion table, in Which the edge signal and a 
corresponding emphasis coefficient have been set 
previously, and/or a conversion table, in Which the 
speci?c image signal and a corresponding emphasis 
coef?cient have been set previously, and 
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iv) an image emphasis processing means for selectively 

emphasiZing the image edge portion in accordance With 
the emphasis coef?cient, Which corresponds to the edge 
signal, and image signal values of the original image 
signal representing the image edge portion, and/or 
selectively emphasiZing the speci?c image portion in 
accordance With the emphasis coef?cient, Which cor 
responds to the speci?c image signal, and image signal 
values of the original image signal representing the 
speci?c image portion, 

Wherein the conversion table, in Which the edge signal and 
the corresponding emphasis coef?cient have been set 
previously, is set such that the emphasis coef?cient may 
take a positive value When the value of the edge signal 
is larger than a predetermined threshold value, and/or 
the conversion table, in Which the speci?c image signal 
and the corresponding emphasis coef?cient have been 
set previously, is set such that the emphasis coef?cient 
may take a positive value When the value of the speci?c 
image signal is larger than a predetermined threshold 
value, and 

Wherein the apparatus further comprises a correction 
means for correcting the conversion table, in Which the 
edge signal and the corresponding emphasis coef?cient 
have been set previously, and/or the conversion table, 
in Which the speci?c image signal and the correspond 
ing emphasis coef?cient have been set previously, said 
correction being made such that, as a dose of radiation 
delivered during an operation for recording the radia 
tion image becomes small, the corresponding threshold 
value may become large. 

5. An apparatus as de?ned in claim 4 Wherein the appa 
ratus further comprises a radiation dose input means for 
inputting the information representing the dose of radiation 
delivered during the operation for recording the radiation 
image. 

6. An apparatus as de?ned in claim 4 Wherein the appa 
ratus further comprises a radiation dose calculating means 
for calculating the dose of radiation, Which Was delivered 
during the operation for recording the radiation image, from 
the original image signal. 

* * * * * 


